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Method for lining a pipeline, in particular a sewer. 

The present invention relates to a method for 
lining a pipeline, in particular a sewer, by means of a 
deformed pipe liner section with a wall made of 
thermoplastic material, comprising inserting the pipe liner 
5 section into the pipeline, shutting off the pipe liner 
section at its ends, in a first step supplying a heating 
and pressure medium to the inside of the shut-off pipe 
liner section, for the purpose of supplying heat to the 
pipe liner section and exerting a first pressure on the 

10 pipe liner section, so that the latter comes to rest 

against the inside of the pipeline, and in a second step, 
after the wall of the pipe liner section has reached a 
predetermined temperature profile and the supply of heat 
has been put to a stop, supplying a pressure medium to the 

15 inside of the shut-off pipe liner section, for the purpose 
of exerting a second pressure on the pipe liner section, 
which second pressure is higher than the first pressure. 

Such a method is known from EP 0,301,697. In the 
case of the known method, in a first step heat is supplied 

20 by means of hot fluid to a previously deformed pipe liner 
section and a first pressure is exerted on the pipe liner 
section, so that the latter returns virtually to its orig- 
inal undeformed shape. Subsequently, in a second step the 
pressure on the pipe liner section is increased to a second 

25 pressure. This second pressure is maintained at a constant 
high value for a specific period. In this known process, in 
order to ensure that the pipe liner section comes to rest 
in a sufficiently tight fit against the inside of the 
pipeline, it is necessary to either work at very high 

30 pressures, which give rise to a large risk of tearing or 
cracking of the pipe liner section, and/or to use a close- 
fitting plug driven by cold water through the pipe liner 
section. This is a time-consuming method. 

The object of the invention is to provide an 

35 improved method according to the preamble which results in 
a much lower risk of cracks in the pipe liner section and 
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allows an excellent tight fit of the lines, and is 
characterized in that the second pressure is gradually 
increased. This ensures that the stress produced in the 
wall of the pipe liner section by the second pressure has a 
5 trend similar to the increasing admissible yield stress in 
the wall of the pipe liner section at the falling 
temperature of the pipe liner section during this second 
step. In this way it is ensured that the pipe liner section 
lies in a tight fit against the inside of the pipeline. 

10 This also makes it possible to increase the diameter of the 
pipe liner section during the installation in such a way 
that pipelines with a wide variation of internal diameters 
can be lined with a pipe liner section of one specific 
size, so that a smaller range of pipe liner sections will 

15 suffice. 

The second pressure is preferably regulated 
depending on the yield stress in the wall of the pipe liner 
section which is admissible at a reference temperature of 
the wall of the pipe liner section. 

20 In an advantageous embodiment of the method, the 

second pressure is regulated depending on the measured 
diameter of a part of the pipe liner section not lying 
inside the pipeline. The second, pressure is preferably 
regulated in such a way here that a constant increase in 

25 diameter occurs until a predetermined value is reached. 

In another embodiment, the second pressure is 
regulated depending on time. Such a method will be possible 
in particular if on the basis of experience the curve of 
the temperature drop in the second step is approximately 

3 0 known, so that no reference temperature of the wall need be 
determined . 

The second pressure advantageously causes a stress 
in the wall of the pipe liner section that approximately 
corresponds to half the yield stress at a reference 
35 temperature of the wall of the pipe liner section. 

The temperature profile of the wall of the pipe 
liner section is preferably determined by measuring the 
temperature of the outside of the wall and of the inside of 
the wall. 
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The reference temperature of the wall of the pipe 
liner section is also preferably determined by measuring 
the temperature of the outside of the wall and of the 
inside of the wall, and then determining the average value 
5 of the two temperatures. 

It is advantageous here for the temperature of the 
inside of the wall to be measured at a point situated at a 
distance from the point where the heating and pressure 
medium is supplied. 
10 The method according to the invention will be 

explained below with reference to the drawing, in which: 

Fig. 1 shows a diagrammatic view of the 
installation of a deformed pipe liner section in a 
pipeline; and 

15 Fig. 2 shows an example of the curve of the second 

pressure in the case of the method according to the 
invention. 

Figure 1 shows a pipe liner section 2 of 
thermoplastic material placed in a pipeline 1 to be lined. 

20 In the deformed configuration the pipe liner section shown 
has an essentially C-shaped cross-section, while its 
original, undeformed shape is cylindrical. However, the 
method according to the invention can also be used for the 
installation of other pipe liners of thermoplastic 

25 material, such as pipes of which the diameter has been 

radially reduced. After the pipe liner section 2 has been 
drawn into the pipeline 1 by suitable means, the two ends 
of the pipe liner section are shut off by shut-off elements 
3 , 4 . A heating medium source 5 and a pressure medium 

30 source 6 are then connected to bores in the shut-off 

element 3. A control valve 7 is also connected to a bore in 
the shut-off element 4. For determining the temperature 
profile of the wall of the pipe liner section 2, 
temperature measuring elements 8, 9 are fitted on the 

35 inside and the outside respectively of the wall at an end 
of the pipe liner section 2 which just projects outside the 
pipeline 1, for example in a manhole or in an open trench. 
The signals from the temperature measuring elements 8, 9 
are fed to a control device 10, which is connected to the 
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heating medium source 5 and the pressure medium source 6. 
Other signals, for example relating to the pressure in the 
inside of the pipe liner section 2, can also be fed to the 
control device 1'). The method for installing the pipe liner 
5 section 2 in a close fit against the inside of the pipeline 
1 which it is still in its deformed Oshaped configuration 
is as follows: In a first step, a heating and pressure 
medium, for example steam, is fed from the heating medium 
source 5 to the inside of the pipe liner section 2. This 

10 causes the temperature of the wall of the pipe liner 

section to rise, and a first pressure is exerted on the 
pipe liner section. As a result of the rise in the 
temperature of the wall, the shape memory of the 
thermoplastic material of the pipe liner section, assisted 

15 by the first pressure, causes the pipe liner section 2 to 
return virtually to its original, cylindrical cross- 
section. The rise in the temperature of the wall is 
determined by the temperature measuring elements 8, 9. In 
this case the outside of the wall will usually have a lower 

20 temperature than the inside of the wall, because the 
outside of the wall is in contact with the cold 
environment. The signals from both temperature measuring 
elements 8, 9 are used for controlling the method. The 
supply of heat to the pipe liner section is put to a stop 

2 5 when the temperature measuring element 8 placed on the 

inside of the wall indicates approximately the value of the 
temperature of the heating medium and the temperature 
measuring element 9 on the outside of the wall indicates a 
virtually constant value. The second step of the method is 

30 then carried out, with the object of ensuring that the pipe 
liner section 2 comes to rest in a tight fit against the 
inside of the pipeline l. For this purpose, a pressure 
medium, for example compressed air, is fed from the 
pressure medium source 6 to the inside of the pipe liner 

35 section 2, as a result of which a second pressure is 

exerted on the pipe liner section. The pipe liner section 
will gradually cool down by giving off heat to its 
environment. An additional cooling medium may be fed in if 
necessary. The second pressure causes a stress in the wall 
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of the pipe liner section, as a result of which the latter 
is pressed against the pipeline. When the temperature of 
the wall of the pipe liner 2 section drops, the admissible 
yield stress of the plastic material of the wall increases. 
5 In order to ensure that the second pressure exerted on the 
pipe liner section continues to press the wall of the pipe 
liner section forcefully against the pipeline, the second 
pressure is gradually increased. In the case of the 
arrangement shown, the second pressure is regulated by 

10 control device 10 depending on a reference temperature of 
the wall determined by the temperature elements 8, 9. In 
this case the reference temperature is the average of the 
temperatures of the outside and the inside of the wall. If 
on the basis of experience the decline of the temperature 

15 of the wall after ending of the supply of heat to the pipe 
liner section is approximately known, a control device 
which is time-dependent will suffice. In the second step 
the second pressure is regulated in such a way that it 
causes a stress in the wall of the pipe liner section which 

20 approximately corresponds to half the yield stress at the 
reference temperature of the wall of the pipe liner 
section. 

In the case of the method according to the 
invention, the diameter of the pipe liner section in the 

25 undeformed state can correspond to the inside diameter of 
the pipeline 1 to be lined, so that the pipe liner section 
comes to rest against the inside of the pipeline during the 
first step. The method described also makes it possible to 
install a pipe liner section in a close fit in a pipeline, 

30 the diameter of the pipe liner section in the undeformed 
state being slightly smaller than the inside diameter of 
the pipeline to be lined, in practice up to about 6% 
smaller. When such a pipe liner section is being installed 
it does not yet lie against the inside of the pipeline 

35 after the first step. The second pressure exerted in the 
second step is then regulated in such a way that the 

* 

diameter of the pipe liner section increases, so that it 
comes to rest in a close fit against the pipeline. In this 
way it is possible to accommodate variations in inside 
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diameters of the pipelines to be lined, and a smaller range 
of pipe liner sections will suffice for lining the large 
number of sizes of pipelines. 

Figure 2 shows the curve of the second pressure in 
5 the case of the example which follows of the installation 
of a pipe liner section in the manner described in connec- 
tion with Figure 1. The pipe liner section is made of high- 
density polyethylene (HDPE) , and in the undef ormed state 
has a diameter of 200 mm and a wall thickness of 12 mm. The 

10 crystalline melting temperature of the plastic material is 
about 130°C. After the pipe liner section has been drawn 
into the pipeline and the ends of the pipe liner section 
have been shut off , in a first step steam at a temperature 
of 126 - 127°C and a pressure of 1.4 - 1.45 bar is fed in. 

15 This causes the pipe liner section quickly to assume its 
original cylindrical shape. The supply of steam is 
continued until the temperature of the inside of the wall 
is 125°C and the temperature of the outside of the wall is 
85°C. It is pointed out here that the temperature of the 

20 outside of the wall ultimately reaches a virtually constant 
value through heat loss to the cold environment. If the 
wall has reached the abovementioned temperature profile, 
the supply of steam is put to a stop and in a second step a 
second pressure is exerted immediately on the pipe liner 

25 section by means of compressed air. According to the 

invention, the second pressure is gradually ' increased. This 
is carried out here depending on the reference temperature 
determined by the temperature measuring elements, which 
temperature is the average of the temperature of the inside 

30 and the outside of the wall, and depending on the yield 
stress in the wall of the pipe liner section which is 
admissible at that reference temperature. In this case the 
table below is used in this example. 
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Reference temperature (°C) Second pressure (bar) 



106 



3.1 



96 



3.5 



87 



4.1 



5 



80 



4.7 



70 



5.2 



60 



5.8 



The second pressure of 5.8 bar is the maximum 
pressure in the given circumstances. This maximum pressure 

10 depends partly on the wall thickness of the pipe liner 
section, and partly on the capabilities of the equipment 
used for the installation, while it was ultimately found 
that a further increase in the second pressure did not 
result in any appreciable increase in the diameter of the 

15 pipe liner section at these lower temperatures. When the 
temperature of the wall falls further, the value of the 
second pressure is maintained until the second pressure is 
relieved completely when a temperature of about 30°C is 
reached. The stress caused in the wall of the pipe liner 

20 section by the second pressure mentioned in this example at 
the highest reference temperature is slightly greater than 
half the yield stress admissible at that reference 
temperature, while the stress at the lower reference 
temperatures lies slightly below this value. 

25 In an advantageous embodiment of the method, after 

the first step the diameter of the pipe liner section is 
measured at a place where it is projecting out of the 
pipeline, for example in a gulley or in an open trench. It 
is then possible to relate the second pressure in the pipe 

30 liner section to the measured diameter during the second 
step and to regulate it in such a way that a continuous 
increase in the diameter is obtained until the desired 
final diameter is achieved. The control can be automated by 
linking the diameter measuring means to the control device 
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CLAIMS 

1. Method for lining a pipeline, in particular a 
sewer, by means of a deformed pipe liner section with a 
wall made of thermoplastic material, comprising inserting 
of the pipe liner section into the pipeline, shutting off 

5 the pipe liner section at its ends, in a first step 

supplying a heating and pressure medium to the inside of 
the shut-off pipe liner section, for the purpose of supply- 
ing heat to the pipe liner section and exerting a first 
pressure on the pipe liner section, so that the latter 

10 comes to rest against the inside of the pipeline, and in a 
second step, after the wall of the pipe liner section has 
reached a predetermined temperature profile and the supply 
of heat has ended, supplying a pressure medium to the 
inside of the shut-off pipe liner section, for the purpose" 

15 of exerting a second pressure on the pipe liner section, 
which second pressure is higher than the first pressure, 
characterized in that the second pressure is gradually 
increased* 

2. Method according to claim 1, characterized in that 
20 the second pressure is regulated depending on the yield 

stress in the wall of the pipe liner section which is 
admissible at a reference temperature of the wall of the 
pipe liner section. 

3. Method according to claim 1, characterized in that 
25 the second pressure is regulated depending on the measured 

diameter of a part of the pipe liner section not lying 
inside the pipeline to be lined. 

4. Method according to claim 1, characterized in that 
the second pressure is regulated depending on time. 

30 5. Method according to one of the preceding claims, 

characterized in that the second pressure causes a stress 
in the wall of the pipe liner section that approximately 
corresponds to half the yield stress at a reference 
temperature of the wall of the pipe liner section. 

35 6. Method according to one of the preceding claims, 

. characterized in that the temperature profile of the wall 
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of the pipe liner section is determined by measuring the 
temperature of the outside of the wall and of the inside of 
the wall. 

7. Method according to one of the preceding claims, 

5 characterized in that the reference temperature of the wall 
of the pipe liner section is determined by measuring the 
temperature of the outside of the wall and of the inside of 
the wall, and then determining the average value of the two 
temperatures . 

10 8. Method according to claim 6 or 7, characterized in 

that the temperature of the inside of the wall is measured 
at a point situated at a distance from the point where the 
heating and pressure medium is supplied. 
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